Objective: Rates of weight-based stigmatization have steadily increased over the past decade. The psychological and physiological consequences of weight stigma remain understudied. Methods: This study examined the effects of experimentally manipulated weight stigma on the stressresponsive hypothalamic-pituitary-adrenal axis (HPA) in 110 female undergraduate participants (BMI: M 5 19.30, SD 5 1.55). Objective BMI and self-perceived body weight were examined as moderators of the relationship between stigma and HPA reactivity. Results: Results indicated participants' perceptions of their own body weight (but not objective BMI) moderated the effect of weight stigma on cortisol reactivity: F(1,102) 5 13.48, P < 0.001, g 2 p 5 0.12 (interaction 95% CI range [22.06 to 21.44, 21.31 to 20.99]). Specifically, participants who perceived themselves as heavy exhibited sustained cortisol elevation post-manipulation compared with individuals who did not experience the weight-related stigma. Cortisol change did not vary by condition for participants who perceived themselves as average weight. Conclusions: In the first study to examine physiological consequences of active interpersonal exposure to weight stigma, experiencing weight stigma was stressful for participants who perceived themselves as heavy, regardless of their BMI. These results are important because stress and cortisol are linked to deleterious health outcomes, stimulate eating, and contribute to abdominal adiposity.
Introduction
Weight-based stigmatization is prevalent in the United States (1,2), manifesting in mistreatment across employment, healthcare, education, and interpersonal settings (3) . Unlike other stigmatized populations, obese individuals do not receive in-group protection, facing negative stereotyping from other obese individuals (4) and in fact prefer out-group members (thin individuals) (5, 6) . Obese individuals, therefore, experience pervasive and unique stigma.
Given the high prevalence of overweight/obesity in the United States (7) , understanding the psychological and physiological consequences of weight stigma is critical. Research indicates that psychological consequences of weight stigma include increased risk for depression, anxiety, and body dissatisfaction (8) (9) (10) (11) (12) . However, a comprehensive understanding of weight stigma is incomplete without understanding its understudied physiological consequences-consequences that may create or exacerbate health outcomes. For example, independent of BMI, research implicates weight stigma in decreased exercise motivation (13, 14) , decreased subjective health (15) , increased disease burden (15) , increased caloric consumption (16, 17) , increased disordered eating (18) , and increased blood pressure (19, 20) .
Here, we draw upon social self-preservation theory (21, 22) , which describes how socially evaluative threats cause activity in the stressresponsive hypothalamic-pituitary-adrenal (HPA) axis, ultimately resulting in secretion of the hormone cortisol. Cortisol is important in the context of weight stigma because it is linked with negative health outcomes (21) , stimulates eating (23) , and directly promotes abdominal adiposity (24) . Cortisol also increases in response to physical activity, but research suggests this type of increase is not as harmful as increases in response to socially evaluative threat (25) . exposure to stigma by showing normal-weight and overweight female participants a neutral video or a video depicting weight stigma. They found sustained cortisol elevation, regardless of BMI, in the stigma video group compared with controls, whose cortisol decreased.
Prior weight stigma studies (16, 17) suggest individuals need not be objectively overweight to experience negative consequences of weight stigma. Subjective construal research demonstrates that perceptions can be as important as objective realities (27) , and subjective construal may be particularly relevant to weight. Although the BMI cutoff for overweight is 25, women consider themselves overweight at a BMI of approximately 23 (28) . Thus, individuals may construe themselves as overweight and therefore perceive weight stigma. We therefore capitalize on self-perceptions of weight in addition to objective BMI in our study.
Using a novel weight stigma paradigm, we address three understudied areas. First, we examined cortisol reactivity as a consequence of actively experiencing weight stigma. Second, we examined selfperceived body weight and objective BMI to test differences in susceptibility to stigma. Finally, we designed a manipulation that exposed individuals to first-hand interpersonal weight stigma through rejection from a shopping activity; this is important because interpersonal rejection mirroring a real-world situation might produce a more powerful reaction than previously tested experiences of weight stigma (16, 20, 26) . We hypothesized individuals in the weight stigma condition would experience sustained cortisol elevation compared with control participants, but expected the effect to be moderated by subjective (i.e., selfperceived) body weight. Specifically, we expected sustained cortisol elevation in the stigma condition only in individuals perceiving themselves as overweight, compared with subjectively normal weight individuals. Previous evidence (20, 26) regarding the relationship between BMI, weight stigma, and physiological reactivity is mixed, and we therefore also tested objective BMI as a moderator. Furthermore, we hypothesized that any weight stigma effects would occur beyond any effects of basic negative affect. That is, we tested the effect of stigma per se rather than simply negative affect from the manipulation.
Methods Participants
We chose undergraduate women (N 5 110) for this study because women face higher levels of weight stigma and perceive themselves as overweight at lower levels of BMI compared with men (3, 28) . Undergraduates are also particularly susceptible to negative health behaviors accompanying weight stigma (e.g., unhealthy dieting) (29) . Because weight stigmatization is implausible for participants perceiving themselves as thin, inclusion criteria included self-perception of weight as "average" or "heavy" during prescreening. Participants were non-smokers because smoking interferes with cortisol levels (30) .
Demographics appear in Table 1 . Age ranged from 17 to 57 (M 5 19.77, SD 5 4.76) with 95% between 17 and 22. Analyses yielded similar results regardless of whether the five outlying participants (aged 23-57) were included or excluded. We included them in our analyses but controlled for age.
Procedure
The University's Institutional Review Board approved all procedures, and all participants provided written, informed consent. All sessions occurred between 1300h and 1900h to control for diurnal cortisol variations. We instructed participants to fast and not exercise for 1 hour before participation (30) . Participants could choose this study from those available to all students in the psychology subject pool. The listing read, "Participants are invited to complete a study aiming to assess qualities and activities of typical students. This study will involve completing confidential surveys and questionnaires. You may also have the opportunity to participate in a shopping activity."
Upon arrival, each participant was randomized to either the stigma or control condition (described below). After informed consent, a thin researcher (researchers'/confederates' BMI ranged from 16.3 to 21.1, M 5 19.30, SD 5 1.55) informed the participant that the study aimed to examine hormonal responses to shopping. Part of the lab was staged as a shopping area with clothing and music to bolster this cover story. The participant was told that she might get to participate in a group shopping activity using designer clothing. The participant then provided a baseline salivary cortisol sample, and her height and weight were measured.
The participant then entered a waiting area with a thin female confederate. When the researcher returned several minutes later, she brought the confederate into the hallway and said audibly, "Great news! You have qualified to participate in the group shopping activity. You can go across the hall to join the others and wait for instructions." The research assistant then returned and delivered one of the following manipulations.
Control condition. "Unfortunately, the group shopping activity is full now, and since you were the last to sign up, we can't include you in the activity."
Stigma condition. "Unfortunately, your size and shape just aren't ideal for this style of clothing and we really do want everyone to have fun and feel good. Plus, we want to return the clothing to the designer in good condition." The stigma condition script was designed to contain components of a stigmatizing event according to Goffman's framework (31), which specifies stigma as an abomination of the body and a blemish of individual character.
All participants were told "However, to receive your participation credit, we will have you do a virtual shopping trip and print your shopping bag. Come with me back to the other testing room so we can set you up to finish the study." The participant then completed psychosocial measures and an online shopping activity. Because cortisol changes take approximately 20-40 minutes to register in saliva (30) , the participant provided the second saliva sample 30 minutes later. The researcher conducted a funneled debriefing to assess believability of the cover story. No participants guessed the true purpose of the study. The researcher fully debriefed the participants. No adverse events occurred.
Measures
Self-perceived body weight. Self-perceived weight was measured as an eligibility criterion for the study and during the laboratory session as a moderating variable using a single-item, "Please rate yourself on the following scale," with the following anchors: very thin, moderately thin, slightly thin, average, slightly heavy, moderately heavy, very heavy. In the departmental pre-test administered at the beginning of each academic quarter, participants rated themselves as average (n 5 73), slightly heavy (n 5 34), moderately heavy (n 5 2), or very heavy (n 5 1), M 5 4.37, SD 5 0.57. In lab, participants rated themselves as slightly thin (n 5 4), average (n 5 54), slightly heavy (n 5 43), moderately heavy (n 5 7), and very heavy (n 5 2), M 5 4.54, SD 5 0.75. Given the small number in the outermost categories (four slightly thin, nine moderately heavy/very heavy) we collapsed self-perceived weight into average/ thin (n 5 58) versus heavy (n 5 52). Examining self-perceived weight as a dichotomous versus ordinal variable yielded similar results.* Negative affect. The state negative affect subscale of the Positive and Negative Affect Schedule (32) consisted of 10 items. Respondents indicated the extent to which they experienced a feeling/emotion at that moment (e.g., "irritable," "distressed") using a 5-point scale from 1 (not at all) to 5 (extremely). Cortisol. Saliva samples collected via passive drool measured cortisol at baseline and 30 minutes post-manipulation. They were frozen at 220 C and batch assayed at Technical University of Dresden, Germany using chemiluminescence immunoassay. The inter-assay variability ranged from 4% to 7%. As is common (30), cortisol distribution was skewed (T1 skewness 5 2.00 and T2 skewness 5 3.37) and corrected via natural log transformation. There were no outliers in the log-transformed values. Raw cortisol values in lg/dl at T1 ranged from 0.05 to 1. 
Results

Baseline differences
There were no demographic differences between conditions (see Table  1 ). An independent samples t-test indicated a difference in cortisol level at time 1 by condition among those perceiving themselves as average weight. Specifically, participants who reported an average selfperceived weight had lower cortisol before the manipulation in the control condition (M 5 21.61, SD 5 0.55) compared with the stigma condition (M 5 21.24, SD 5 0.59, t(56) 5 22.42, P 5 0.019, d 5 20.65, 95% CI [20.68, 20.06] ). This occurred though the first saliva sample was taken before the stigma manipulation. Accordingly, below we conducted tests of our hypotheses to rule out the alternative explanation that any differences were driven by cortisol level at T1 in individuals with average self-perceived weight.
Control variables
We controlled for BMI when testing self-perceived weight as a moderator to isolate independent effects of self-perceived weight. To rule out the alternative explanation that any effects occurred from negative affect rather than stigma, we controlled for negative affect. We also tested whether negative affect differed by condition after the experimental manipulation. Participants displayed slightly more negative affect in the stigma condition (M 5 1.63, SD 5 0.69) compared with the control condition (M 5 1.40, SD 5 0.56), but the difference was marginal: t(108) 5 1.91, P 5 0.059, d 5 0.37. We controlled for age because our data contained age outliers (see above). We note analyses yielded the same findings regardless of inclusion of covariates; all coefficients, P-values, and effect sizes with and without covariates appear in Tables 2 and 3. *The interaction among cortisol change, condition, and self-perceived body weight also emerged when examining self-perceived body weight as an ordinal variable: (F(3) 5 4.54, P 5 0.005; g 
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Self-perceived body weight interaction
We conducted repeated measures ANCOVA on cortisol change (T1 to T2) by condition (stigma versus control) and self-perceived weight (average versus heavy) controlling for BMI, negative affect, and age (see Table 2 ). A significant three-way interaction emerged among cortisol change, condition, and self-perceived weight, F(1,102) 5 13.48, P < 0.001; g 1 To interpret the significant three-way interaction among cortisol change, condition, and selfperceived weight, we conducted two follow-up repeated measures ANCOVAs on cortisol change by condition separately for individuals who rated their self-perceived weight as average versus heavy; the F values were corrected to reflect the residual degrees of freedom for the entire sample, not only the subgroup. The condition by cortisol change interaction remained significant for individuals perceiving their weight as average, F(1,102) 5 7.32, P 5 0.008, g In order to confirm the difference in cortisol level by condition at T1 among individuals perceiving themselves as average weight (t(56) 5 22.42, P 5 0.019, d 5 20.65, 95% CI [20.68, 20 .06]) was not driving the three-way interaction among cortisol, condition, and self-perceived weight, we conducted a 2 3 2 ANCOVA on cortisol level at T2 by condition and self-perceived weight controlling for cortisol level at T1, age, negative affect, and BMI. This analysis confirmed that the weight stigma manipulation compared with the control condition led to sustained cortisol elevation regardless of baseline cortisol: F(1,101) 5 9.90, P 5 0.002, g 
BMI interaction
Half the individuals who perceived themselves as heavy did not meet the BMI criterion for overweight (BMI 25 kg/m 2 ), indicating the 
Discussion
We used a novel paradigm to test cortisol reactivity after an active manipulation of interpersonal weight stigma. We found selfperceived body weight, but not objective BMI, moderated the relationship between weight stigma and cortisol reactivity, such that only those perceiving themselves as heavy showed significant sustained cortisol elevation after a weight-stigmatizing manipulation compared with non-stigmatized controls. Interpreted another way, those in the stigma condition perceiving themselves as normal weight appeared to return to their baseline cortisol level, whereas those who perceived themselves as heavy did not (Figure 1 ).
Because conflicting evidence exists (20, 26) in relation to BMI and physiological reactivity, we hypothesized but did not find a difference in sustained elevation based on BMI. Schvey and colleagues (26) similarly found no moderating influence of BMI on cortisol reactivity to weight stigma. These findings underscore the importance of self-perception in the experience of stigma. We suspect weight stigma has the largest effect on individuals who recognize themselves as overweight, but that those individuals do not have to overweight by BMI standards. Only half our participants who perceived themselves as heavy met the objective BMI criterion for overweight. Conversely, five objectively overweight individuals and one objectively obese individual had average self-perceived weight. One important intervention implication is that targeting only those who are objectively overweight or obese may be inadequate.
Regarding the interaction among cortisol, condition, and selfperceived weight, we note the similarity between effect sizes for cortisol at T2 by condition between the average perceived weight and the heavy perceived weight groups. However, the self-perceived average weight group estimate was not statistically significant, increasing our confidence that the effects were likely driven by the heavy participants. Nonetheless, additional research should explore the effects of weight stigma among individuals perceiving their weight as average because perceived weight may be more malleable than BMI.
Our findings contribute to the scientific understanding of stigma by elucidating the physiological consequences of experiencing weight stigma. They also highlight the unique nature of weight as a stigmatized identity and may imply a "vicious cycle" model of weight stigma, wherein stigma results in cortisol secretion, promoting weight gain and begetting more stigma. Nationally representative longitudinal data show a relationship between weight discrimination and increased obesity risk (33) as does a longitudinal study showing that labeling young girls as "fat" is related to higher risk of adult obesity, independent of BMI in adolescence (34) . Because cortisol is a known driver of eating (16, 35) and fat deposition (24) , this may explain how weight stigma exacerbates the risk for weight gain.
Our finding of sustained cortisol elevation is consistent with Schvey and colleagues (26) who found smaller decreases in cortisol after exposure to a weight stigmatizing video compared with a control video. The diurnal rhythm of cortisol is such that cortisol levels steadily decline throughout the day. Thus our finding of sustained elevation may functionally represents an increase in cortisol, compared with the normal pattern of steady decline. We attempted to mitigate the effects of diurnal rhythmicity by running sessions in the afternoon, but our window (1300h-1900h) was larger than what some recommend (1400h-1700h) (36) . Regarding negative affect, although participants displayed slightly more negative affect in the stigma condition compared with the control condition, the difference was marginal. Likewise, negative affect was not significantly related Figure 1 Cortisol at time 1 was significantly higher in the stigma condition compared with control (*P 5 0.019) among participants perceiving their size as average prior to the experimental manipulation. Thus, we conducted a 2 3 2 ANCOVA controlling for cortisol value at time 1. The analysis yielded a significant interaction between perceived weight and condition on cortisol at time 2 independent of cortisol at time 1. Individuals who perceived themselves as heavy secreted significantly more cortisol at time 2 in the stigma condition compared with the control condition (*P 5 0.040). No difference in cortisol at time 2 was observed for individuals who perceived themselves as average (P 5 0.130). Bars represent standard error bars.
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to cortisol elevation. Such divergence between self-reported affect and cortisol levels are common. For example, Fischer and colleagues (37) examined cortisol and psychological stress responses over 7,145 hours and found that cortisol and psychological stress did not overlap 71.3% of the time (21) . One implication of our findings is that weight stigma may have a physiological toll regardless of an individual's psychological experience. This points to the need to eradicate weight stigma rather than intervening at an individual level to help individuals cope with weight stigma.
We note additional limitations. First, we examined only females. We chose females because women experience more weight stigma than men (3), and women tend to perceive themselves to be overweight before reaching objective criteria of overweight (28) . Future research should include men. Second, the number of overweight and obese participants in our sample was relatively low, as only 31.2% of our sample met the objective criterion for overweight (n 5 24) or obesity (n 5 9). As weight becomes more visible at higher BMIs, obese individuals may experience more stress than overweight individuals, provided they perceive themselves as overweight. We had too few obese participants to explore this idea, and future research should test this with a larger proportion of overweight and obese individuals. Additionally, slightly more than one-third of our sample identified as Asian. We had insufficient power to test for racial differences here, but research (38) suggests women who identify as Asian versus White share similar standards for beauty, as do those who identify as Latina versus white (39) . Finally, though we reminded participants not to eat, drink, or exercise prior to the study, we did not measure eating or exercise, medications, medical conditions, waking time, or menstrual phase. We relied on randomization to distribute these variables equally, but it is possible that any one could have affected our results.
Despite these caveats, our study had several considerable strengths. We used a novel weight-relevant paradigm to directly expose participants to an active, interpersonal weight stigmatizing experience, expanding upon prior work using video or vignette paradigms (16, 26) . We chose shopping in order to mimic a real-world experience in which women likely experience weight stigma. Although advertising the study as a shopping activity could have influenced our sample selection, it likely represents a more conservative test of our hypotheses. Those who self-selected into a shopping study are less likely to have body issues that would encourage avoidance of shopping and are therefore likely more resilient to weight stigma processes. Thus, the fact that our results emerged despite the "shopping" paradigm bolsters our confidence in these findings. In order to isolate the independent effect of weight stigma, and not merely rejection or affect, the control group also experienced rejection, and we controlled for negative affect. Likewise, in order to tie our results directly to weight stigma and not, for example, weight salience, we weighed all participants.
These findings suggest one reason why overweight and obesity remain at high levels is because cortisol is obesogenic and weight stigma may undermine weight control. Overweight and obese individuals comprise the majority of the US population and weight stigma is on the rise (1), potentially affecting those who are not objectively overweight. Moreover, weight stigma might exacerbate long-term health outcomes related to obesity, especially in activating a cyclic pathogenesis via cortisol. Therefore, making efforts to reduce weight stigma is important and has the potential to affect millions. O
